Overview and Recommendations

northeast in the area that lies east of central Nevada and Idaho and to the west in
California and western Oregon.

The tectonic setting of a magma's ascent from a mantle source to the surface influences
whether it rises directly or is stored temporarily at intermediate depth. The nature of
magmatic movements will in turn control the opportunities for chemical interaction
between melts and rocks forming conduit walls and the possible development of sec-
ondary, more silicic melts. Some alkali basalts contain abundant inclusions of mantle
rocks, indicating rapid transport from mantle sources with little opportunity for inter-
action with wall rocks. The mantle sources for alkali basalts may, however, have been
metasomatically altered during or prior to partial fusion (see Chapter 1). Some basalts,
such as those in the Columbia Plateau, have chemical and isotopic compositions that
are commensurate with assimilation of crustal rocks (see Chapter 2). Major eruptions
of rhyolite in areas such as Yellowstone are believed to be due to melting of deep crustal
rocks by basaltic magma, and in those circumstances the basalts may have acted more
as thermal than chemical parents.

Formation of calderas after major eruptions of rhyolite is clear evidence that the
magma chambers were at a relatively shallow depth. Seismic data can be interpreted
to show that magma is present beneath some parts of Yellowstone and that the top of
a low-velocity body, 2 to 5 km deep, may represent a zone of partial melt or a large
vapor-dominated hydrothermal system (see Chapter 7). Yellowstone rhyolites are more
likely to have been formed by partial fusion of high-grade metamorphic rocks of the
lower crust than of once-sedimentary, upper crustal rocks (see Chapter 6). The formation
of rhyolite in large volume probably involves a combination of deep and shallow magma
chambers. The absence of well-defined collapse features associated with flood basalt
eruptions suggests that storage of these lavas, possibly accompanied by assimilation of
wall rocks, was deeper than is characteristic for near-surface rhyolite chambers.

Eruptive configurations that maximize opportunities for chemical interaction between
magma and wall rocks or that maximize opportunity for generation of anatectic magmas
also maximize heat loss. Such configurations might include blocks broken from conduit
walls and interlacing networks of dikes. Freezing or block choking in such systems
could be inhibited by episodic injection of fresh magma. Basaltic magma may produce
up to an equal volume of rhyolite melt in the course of crystallization of the basalt (see
Chapter 5). But how do basaltic magmas contaminated by interaction with crustal rocks
(e.g., Columbia Plateau basalts) erupt as phenocryst-free lava? Active seismic studies
in the Yellowstone region outline another puzzle involving magma ascent. The lower
crust beneath Yellowstone appears to be homogeneous and similar to thermally undis-
turbed, surrounding crust (see Chapter 7), whereas one might expect a complex eruptive
plumbing system at high temperature. Yellowstone is the only major rhyolite caldera
system in North America that has been examined in detail by active seismic methods.

VOLCANIC PERIODICITY

The periodic nature of some volcanic activity is an important characteristic for both
theoretical studies and hazard assessments. The interval since the last eruption clearly
is important in estimating the imminence of hazardous activity for volcanoes with a
characteristic period. Moreover, data on periodicity will reveal information on the rates
of energy and mass input to volcanic systems.

Some large volcanic systems, particularly those with rhyolitic magma chambers,
undergo episodes of periodic, cyclic eruptivity separated by intervals of quiescence.
The cyclic nature of the activity can involve both progressive changes in magmatic
composition and variations in eruptive mode. Eruption of the Yellowstone rhyolites,
for example, began 2 m.y. ago and has occurred in three episodes, each with a similar
eruptive cycle of ash flows and caldera collapse.
5